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A major challenge that faces teachers is how they can assist children to develop the 
knowledge, skills and attitudes necessary to become scientifically literate citizens.  Early 
childhood teachers are often hesitant about teaching science because they lack confidence in 
their conceptual knowledge and understandings of teaching science. This paper describes a 
professional development initiative, which enhances teachers’ understanding of science 
concepts, and supports their teaching of science.  The workshops adopted a “child-centred” 
approach that was scaffolded by teacher educators.  Thus, the teachers’ learning paralleled 
those exemplary experiences advocated for children.  Feedback from teachers was 
overwhelmingly positive and teachers reported an increased motivation for teaching science 
coupled with a better understanding of contemporary strategies.  By capitalising on personal 
experiences of investigation of everyday phenomena in the workshop, teachers were able to 
identify those contemporary approaches that are consistent with effective teaching of science 
and to understand why these approaches are effective.  
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Internationally, science education is under intense scrutiny with calls for reform that 
acknowledges the importance of creating a scientifically literate populace (e.g., Millar & 
Osborne, 1998).  Key publications in AJEC have highlighted many of the issues and concerns 
in the teaching and learning of science (e.g. Fensham, 1991; Fleer, 1992; Diezmann & 
Watters, 1997b).  In response to these issues, Fensham (1991) suggested that three concerns 
needed to be addressed to remedy a state of “chronic illness” that afflicted early childhood 
science education. First, there was a need for a greater recognition of the importance of 
science in early childhood education.  Second, early childhood teachers needed better 
preparation and background knowledge in science.  Third, the community of early childhood 
practitioners needed to the value of science and its role in the development of young children.   
 
The ultimate success of any reform will depend on the quality of professional development 
and the commitment of individual teachers and schools to change (Guskey & Sparks, 1991; 
Sikes, 1992).  Professional development support for teachers is required at both micro and 
macro levels. At the micro or “grassroots level” individual teachers need to reflect and 
develop their own practices during a professional development program whereas at the macro 
level, change requires that schools become learning organisation responsive to increased 
knowledge about children as learners.   
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The purpose of this paper is to report on a professional development programme that emerged 
from a Commonwealth funded initiative.  Our intention is to describe this program and how 
the program attempted to meet the “grassroots” level needs of early childhood teachers of 
science who were being confronted by increased pressure to change practices in the face of 
contemporary reform movements.  The paper also addresses the key role played by the 
professional association and highlights the importance of Fensham’s (1991) concern about 
the value of science education held by the community of early childhood educators. 
 
The Status Quo in Science Education  
Historically, science education has focussed on preparing children for scientific vocations and 
maintaining a status quo of authoritarian science (Millar & Osborne, 1998).  Central to 
science education has been the accumulation of scientific knowledge in high school as 
grounding for further study.  However, contemporary views of the importance of science in 
early childhood have been influenced by the desire to develop scientifically literate citizens 
and a recognition of the way children construct scientific understandings. 
 
Scientifically literate citizens understand everyday science-related issues and can 
participate knowledgeably and willingly in decision-making because they “are comfortable, 
competent and confident with scientific and technical matters and artefacts” (Millar & 
Osborne, 1998, p. 9).  Although developing scientific literacy is a lifelong objective in a 
technologically-driven society, the early childhood years are particularly significant because 
of the potential to capitalise on young children’s seemingly innate interest in and enthusiasm 
for science (Elliott, 1989). 
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Constructivism is a belief that learning and understanding occurs as an individual acts 
on experiences and makes sense of experiences in the light of prior knowledge (e.g. Driver, 
Asoko, Leach, Mortimer, & Scott, 1994).  To develop conceptual understanding, children 
should be encouraged to apply their own ideas in a variety of situations, and to review and 
reconcile their ideas with the scientific models (Howe, 1996).  Thus, learning science is 
collectively creating knowledge rather than accumulating information packaged by teachers 
or textbooks (Bereiter, 1994). Because experiences and problems are embedded within social 
situations, learning has a social component (Lave & Wenger, 1991).  Proponents of a social 
constructivist perspective argue that knowledge is firstly constructed by social interactions 
among members of a group or culture and then internalised as an individual event or concept 
(Tobin, 1993; Vygotsky, 1978).  A key role of the teacher from a social constructivist 
perspective is to scaffold children’s learning. 
 
Despite the importance of science, many early childhood teachers of science have 
limited confidence towards science and their ability to teach science (Coulson, 1992; 
Goodrum, Cousins, & Kinnear, 1992; Watters & Ginns, 1995). Negative attitudes towards 
science and science teaching need to be addressed if young children are to experience 
worthwhile science programs that challenge the status quo.  Tsitouridou (1999) argues that in 
the professional development of early childhood teachers there is a need to integrate the 
learning of science and the pedagogy necessary to implement effective programs.  This 
strategy may overcome some of the issues of confidence to teach science.  
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Professional Development in Early Childhood Science Education 
Concomitant with the international perspective, scientific literacy and constructivism are 
advocated as key aspects of contemporary science education in Australia (Australian 
Education Council, 1994).  These aspects were central to a series of professional 
development workshops in science education for early childhood teachers that were presented 
throughout the state of Queensland between 1994 and 1996.  These workshops were 
conducted collaboratively by the Early Childhood Teachers’ Association of Queensland 
(ECTA) and the School of Early Childhood at Queensland University of Technology (QUT) 
and funded by the Commonwealth Department for Employment, Education and Training 
(DEET).  Two of the authors were intensively involved in developing and delivering the 
workshops (SJG, JMD).   
Due to the success of the ECTA-QUT workshops and requests from teachers, the 
Queensland Department of Education funded the purchase of early childhood science 
resource kits for all Queensland government schools in 1997.  The kit comprised a manual 
(Diezmann & Watters, 1997a), a boxed collection of science equipment, and a video 
demonstrating constructivist inspired teaching strategies (Fleer, 1994).  Thus, the resource kit 
provided early childhood teachers with both the background knowledge and the resources to 
enhance the science education of young children.  The manual was designed for independent 
use with the equipment and video.   
In 1998, ECTA-QUT offered a two and a half-hour introductory workshop to 
familiarise teachers with contemporary philosophy of science education and the science 
resource kit on a user-pays basis.  Approximately 700 early childhood teachers participated in 
these workshops in either face-to-face mode or by video-conferencing.  The workshop 
facilitators, who are the authors of this paper (JJW, CMD, SJG, JMD), comprised early 
childhood and science education specialists who worked together in leading each workshop 
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and contributed their particular expertise as necessary.  The facilitators established a 
collaborative learning environment for teachers, which encouraged exploration and exchange 
of ideas about science and the teaching of science.  In these workshops, teachers were 
introduced to the processes associated with working scientifically and to instructional 
strategies that are consistent with a constructivist philosophy, such as concept mapping.  The 
workshops consisted of three phases: orientation, engagement and reflection.  
Orientation Phase: Workshops were introduced by a senior office bearer of the Early 
Childhood Teachers Association (ECTA), which had taken the initiative on behalf of early 
childhood teachers to raise the profile of science teaching.  The leadership role of ECTA 
endorsed the value of the professional development process for teachers.  After this 
introduction, a facilitator discussed the background to the professional development project, 
curriculum policy and initiatives relating to science.  The major ideas underpinning 
constructivism were introduced to familiarise participants with contemporary ideas informing 
science education.  The resource kit video (Fleer, 1994) was shown and discussed to provide 
an example of an early childhood teacher teaching within a constructivist framework.  This 
phase concluded with an exhibition of the materials supplied in the equipment kit and the 
structure of the manual (Diezmann & Watters, 1997a). 
Engagement Phase: The engagement phase allowed participants to explore and 
experience the strategies advocated in the manual and video.  The role of the facilitators was 
to cue participants to the constructivist approach to teaching science and to support the 
participants as needed.  Each group dealt with a topic, such as electricity, matter or sound, for 
about forty-five minutes.  First, a brainstorming session was held to enable participants to 
explore their own ideas about the topic.  These ideas were organised as a concept map by the 
facilitator.  After the ideas had been discussed, an investigation was suggested which required 
participants to engage with the materials.  For example, in one topic, participants were 
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required to set up an electric circuit so that a certain combination of lamps could be lit in 
parallel or series.   
The facilitators questioned, explained observations and supported the participants as 
they explored the phenomena.  Participants were encouraged to develop explanations in order 
to articulate new ideas emerging from the investigation and to connect these ideas to previous 
experiences.  During their investigation the facilitators supported the participants to review 
their personal understandings.  The sessions were characterised by discussion which enabled 
participants to engage in reconciliation of prior beliefs with acceptable scientific 
explanations.  The initial concept maps were revisited and relationships reviewed. 
The phase concluded with an exploration of all resources related to the topic under 
investigation.  This enabled participants to suggest ways of applying the investigation to 
extend children’s experiences.  The process was then repeated with another topic to broaden 
the participants’ experience with conceptual areas and to reinforce the process of working 
scientifically with a different topic. 
Reflection Phase: The final phase involved whole group reporting and debriefing.  The 
strategies that participants used were reviewed to make explicit how they had experienced 
learning science in an environment underpinned by a socio-cultural perspective.  Participants 
reflected on their experience of learning science and identified concerns with teaching 
science.  The workshop concluded with a formal review of the learning experience when the 
participants in selected workshops completed a brief survey.  All workshops could not be 
surveyed because in a number of workshops teachers’ discussions occupied all the scheduled 
time. 
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Effectiveness of the Professional Development Program 
Feedback on the participants’ experience in the professional development program was 
obtained through the use of an open-ended questionnaire in which the participants addressed 
the following issues and reflected on their experiences: 
• Three things that I have learned or I am taking away from today’s workshop: 
• One unanswered question that I am leaving the workshop with is:  
• What sort of follow-up support would be most useful? 
The responses from 192 teachers suggested there were six outcomes that  impacted on 
the implementation of effective science programs. These were: teachers’ knowledge of: 
pedagogical principles, scientific principles, children’s learning in science, teaching science, 
example activities and investigations, and management of resources. 
Outcome 1: Participants adopted a child-centred approach in their beliefs about the teaching 
of science. 
There was an explicit belief that content should be negotiated with the children and that ideas 
expressed by children should be the stimulus for programming.  These child-centred ideas 
were summed up in a statement by one participant: “hands-on science activities need to start 
from children’s knowledge and questions and NOT [sic] from source book prescriptions.”   
Outcome 2: Participants’ personal understanding of science was enhanced.  
Participants’ beliefs about science and their knowledge of science were enhanced.  This 
change manifested itself in three ways.  First, there was widespread acknowledgment by 
participants that they developed a better understanding of concepts.  For example: 
Detergent breaks the surface tension of water. 
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These changes are significant because they impact on attitudes to teaching science.  
Statements such as: “I now have a little more confidence so that I can attempt more in the 
classroom” expressed a common, albeit not unanimous belief.   
Second, realignment occurred in participants’ beliefs about science education.  Science 
was seen as “worth the effort” by some teachers and others suggested that “there must be an 
attempt made to teach more science in the classroom.”  Science was also seen as a way of 
encouraging “open-ended questioning and investigation.” 
Third, a strong appreciation that science is interesting was expressed: “Science is fun 
and there is a big, wide world out there, waiting to be discovered.”  
Outcome 3: Participants developed their understanding of learning in science.   
Participants developed a practical understanding of how to teach science by drawing upon 
children’s prior knowledge in a constructivist framework.  One teacher expressed this 
approach as a “structured and organised plan to develop the children’s knowledge of 
science.” 
Outcome 4: Participants acquired knowledge of classroom strategies to teach science. 
Participants developed knowledge of the context of teaching science and knowledge of 
specific strategies.   These included:  
• an understanding of the political issues influencing change in science education,   
• a knowledge of how to encourage children to identify problems and raise questions,  
• a recognition of the importance of strategies such as collaborative learning, reporting and 
active engagement by children, and  
• a recognition that the approach adopted in the workshops was a different way of teaching 
science.   
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The following statement captured the essence of this sentiment:  “(this workshop) changed 
my way of thinking  less teacher directed and more children involved in all science 
lessons.” 
Outcome 5: Participants valued investigative activities as the basis for inquiry. 
Participants’ direct experience in undertaking tasks generated knowledge and confidence to 
provide similar opportunities for children.  The activities were seen as simple and effective 
ways of engaging the children in investigations involving thinking and learning.  They 
provided a springboard for divergent thinking and questioning and further exploration.  Some 
teachers clearly differentiated between a perception of experimenting and investigating.  For 
example: “Investigations will often be far more useful than experiments.  They are open-
ended and encourage more exploration”.  The simplicity of the activities also encouraged 
teachers: “more science activities to take away and add to my list of must do’s.” 
Outcome 6: Participants overcame the limitations of resourcing. 
Lack of resources or the organisation of resources is often identified as a reason why science 
is not taught.  However, participants recognised that while this is a problem there needs to be 
action to ameliorate the problem.  The participants commented that they needed to be active 
in acquiring materials and develop strategies for organising and managing these materials.  
Future Directions for Professional Development 
A central component of the planning and reflection cycle of the professional development 
program was to elicit feedback from teachers regarding issues of concern associated with 
science teaching.  Identification of these issues provides future directions for professional 
development and informs systems and professional associations of the type of support 
required by teachers.  Four recurring themes were evident in teachers’ responses.  
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Theme 1: The need for information 
The need for information was a widespread response.  Three types of information were 
sought.  First, there were requests for background information. This included the 
identification of resource material to provide background information on topics, information 
on the new science syllabus (implemented from 1999), and information on the relationship 
between the new Queensland science syllabus and the resource kit.  Second, there was a need 
for information on planning, implementing and assessing lessons.  Information that was 
sought included specific activities to elaborate on a range of content areas, classroom 
management, and suggestions for assessment.  Third, contextual information was requested.  
This included information about how to teach science in multi-age settings or small schools.   
 
Theme 2: Teaching science in the early childhood years 
Teachers also raised issues that were related to teaching science in the early childhood years.  
They reported a need for activities and investigations that integrate science with other 
curriculum areas and that are appropriate for preschool children (year prior to commencement 
of formal schooling).  Two further concerns were how to explain scientific concepts to young 
children and ideas for observation and evaluation of young children’s scientific knowledge. 
 
Theme 3: Resources and science education 
A range of issues was raised by teachers, which related to information about resources and a 
commitment by the school to support the use of resources.  These included the suitability of 
resources for particular grades, the availability and quantity of resources, and ways to manage 
resources within a school.  One common request was for the provision of manuals to each 
teacher. 
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Theme 4: The need for further support 
Teachers expressed a need for three types of professional support.  First, there was a request 
for further workshops to provide opportunities for engagement with other science topics.  
Second, professional networks for teachers to share “successful and interesting activities” for 
particular year levels and to obtain support for their teaching was sought.  Third, there was a 
need for specialist assistance on a needs-basis.  One teacher expressed this as “some system 
of communicating questions which arise once the kit is being utilized”, while other teachers 
requested access to a reference person.  The requests for further support suggest that although 
participants expressed a sense of commitment and volition towards science teaching after the 
workshops, their confidence to teach science was still fragile and influenced by residual 
concerns.    
Implications for Reform in Science Education 
This paper has described a professional development program at a “grassroots” level in 
science education.  It suggests that successful professional development at this level requires 
a “meaning-oriented” approach in which teachers are active participants in the program 
(Kanes & Nisbet, 1996) and engage in authentic activity in a supportive, collaborative 
environment that models practices advocated for classrooms.  In this approach, teachers have 
the opportunities to adopt the roles of both learners and reflective practitioners (Clarke & 
Hollingsworth, 1994).   
The program described here has been collegial, flexible and eclectic in order to respond 
to the unique demands of early childhood teachers in science.  The combination of material 
resources, the video and professional development was an effective strategy to address early 
childhood teachers’ individual learning and commitment to teaching science.  A clear 
demand exists for extension of the resource materials to include other topics, more 
Enhancing science education for young children:  A contemporary initiative 
 
 
investigatory activities and videos demonstrating teachers engaged in various teaching 
practices.  
Although targeting change at the macro level of school and system is an important 
strategy in science education reform, professional development that results in teachers 
becoming more reflective of their teaching practices is essential.  Motivating individual 
teachers to change is likely to be more successful than imposed systemic change.  A 
motivated individual and his or her classroom creates an appropriate model of practice that 
“acts as a kind of oasis, which provides an environment different from that which surrounds 
it” (Baud & Walker, 1998). 
The resounding endorsement of this professional development process raises our 
optimism that change can be achieved at least at a micro level.  However, the evaluation of 
this program was limited to teachers’ commitment to science teaching.  Research is required 
to establish how their commitment is manifested in practice.   
Professional development involves change.  Ideally, it should be an on-going reflective 
process drive from within and with administrative support.  However, attempts to implement 
good practices can be thwarted if administrative support does not match a grassroots level of 
commitment (Fullan, 1993; Hargreaves, 1994).  Thus, the reality is that most teachers will not 
receive further support and consequently, any change that occurs will have been initiated 
through the professional development experiences of individuals.  Schools and systems need 
to capitalise on the enthusiasm and expertise of teachers demonstrating best practice if reform 
is to be achieved. This might involve teachers recognising their professional role as 
collaborators within a community of practice and seeking networks and support of 
professional organisations (Middleton & Hill, 1996).  Early childhood associations that 
provide mentorship and networking promote the value and relevance of science to early 
childhood education and thus, address the concern raised by Fensham (1991).  
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